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Large photoinduced ferroelectric coercive field increase and photodefined
domain pattern in lithium-tantalate crystal
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We found that the ferroelectric coercive field of LiTaO3 , both in forward and reverse directions, can
be increased in large amount by high power multiline argon laser illumination. This phenomenon is
especially profound when the coercive field measurement is performed closer in time to the previous
domain inversion operation. We also demonstrated that the domain in lithium-tantalate crystal can
be patterned in accordance with the argon laser light distribution on the crystal plate surface.
© 1996 American Institute of Physics. @S0003-6951~96!05051-6#Periodic inversion of ferroelectric domain in LiTaO3
crystal to accomplish quasiphase-matching ~QPM! condition
for second-harmonic-generation ~SHG! of short wavelength
laser has been demonstrated.1–5 Various methods6 were used
to obtain periodic domain structure, such as electric field
poling, heat treatment, and chemical means, etc. Better un-
derstanding of the intrinsic properties of domain switching is
crucial to the fabrication of device with high SHG conver-
sion efficiency. We reported previously7 that the coercive
field of LiTaO3 crystal drops after the domain is inverted and
recovers to its original value with time. The phenomena is
sensitive to white light illumination. We proposed an internal
field model to explain this phenomenon. In this report, we
give our latest results on light-sensitive nature of these phe-
nomena with high power argon laser illumination. We also
demonstrate that the domain can be patterned in accordance
with the argon laser light distribution on the crystal surface.
We used electric field poling method to invert the do-
main of 0.5-mm-thick SAW grade LiTaO3 crystal plates
along the crystallographic c axis. The external field was
ramp up from 0 volt at a fixed rate. The displacement current
was monitored during the poling processes. The external
field at which the maximum displacement current occurs is
defined as the coercive field of the crystal. There is only one
easy axis, namely the crystallographic c axis, for ferroelectric
domain orientation in LiTaO3 . It is known that the coercive
field measured along ‘‘1’’ and ‘‘2’’ directions of c axis are
different, i.e., the ferroelectric hysteresis loop of LiTaO3 is
asymmetrical. We shall call the direction along which the
coercive field is measured to be higher the ‘‘forward’’ direc-
tion, and the direction along which the coercive field is mea-
sured to be lower the ‘‘reverse’’ direction. The time between
two successive poling operations, i.e., the time between ap-
pearance of the displacement current maximum of two suc-
cessive poling operations, is defined as ‘‘time interval.’’ The
terminology and details of coercive field versus time interval
measurement are referred to Ref. 7.
We used argon laser with various power levels to illu-
minate the sample surface through transparent liquid elec-
trode during the electric field poling process. The laser beam
was neither focused or expanded. We found that argon laser
output at either 488 or 514.5 nm line alone produced identi-
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obtain high power, we used multiline for the rest of the ex-
periments. Figures 1 and 2 ~solid curves! show the coercive
field vs time interval for forward and reverse poling with
various argon laser multiline powers, the ramp rate for these
measurements were 16 V/s. We shall refer to these curves as
CT curves from now on. These figures revealed that the
separation from the dark CT curve increased with increasing
power of multiline argon laser. The separation is larger for
shorter time interval than longer time interval. There is about
a 10% increase of coercive field at 200 second time interval
for both forward and reverse directions under 1280 mW il-
lumination. The shortest time interval during which we can
reset the instruments for next poling operation was about 150
s. Larger increase in coercive field is expected for time in-
terval shorter than 150 s. The surface temperature of the
illuminated area was monitored with an in-contact thermal
FIG. 1. Coercive field vs time interval in forward direction for various
power levels of multiline argon laser illumination.3803)/3803/3/$10.00 © 1996 American Institute of Physics
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couple. The surface temperature was found to raise up
;10 °C for 1280 mW exposure, ;5 °C for 640 mW expo-
sure, and ;2 °C for 160 mW exposure. It is known8,9 that the
coercive field of LiTaO3 decreases with increasing tempera-
ture, this fact indicates two things: first, the increasing of
coercive field by argon laser illumination as shown in Figs. 1
and 2 is purely an optical effect rather than thermal effect.
Second, bending of 1280 mW CT curve is due to the heating
effect; since in our experiments, the illumination was turned
on at the specific power level at the beginning of each CT
curve measurement and continuously illuminating the
sample throughout the measuring period of a curve. The or-
der of CT curve measurement was from short time interval to
long time interval, the sample gradually heated up as the
measurement was in progress such that the 1280 mW CT
curve gradually bent down as the sample was heating up.
There could be the slight bending of the 640 mW CT curve
due to the 5 °C temperature rising also. Without heating, the
1280 mW CT curves are expected to be looked at qualita-
tively like the dash curves in Figs. 1 and 2.
The mechanism for the CT curve7 is that the photoge-
nerated and thermal-generated free carriers transport under
the influence of the depolarization field Ed of the spontane-
ous polarization Ps , and establish a space charge field
Es(t). The total internal field E in(t) is therefore:
E in~ t !5Ed2Es~ t ! ~1!
as is illustrated in Fig. 3. Building up of the time dependent
space charge field Es(t) depends on the rate of free carrier
generation, thus, it depends on the temperature for thermal-
generated free carriers and on the illumination power level
for photogenerated free carriers, and more importantly, it
also depends on the electronic energy structure in the
FIG. 2. Coercive field vs time interval in reverse direction for various power
levels of multiline argon laser illumination.3804 Appl. Phys. Lett., Vol. 69, No. 25, 16 December 1996
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The photon energy of argon laser 488 line and 514.5 nm line
are 2.54 and 2.41 eV, respectively. Therefore, besides
thermal-generated free carriers, it is the free carriers which
were photogenerated from impurities levels or defect levels
in the band gap produce the space charge field. The range of
impurity or defect levels distribution in the energy gap is,
therefore, at least 0.13 eV, and it is at most 2.41 eV from the
conduction band edge if it is donor level, and at most 2.41
eV from the valence band edge if it is acceptor level.
The bulk photovoltaic effect10 should not be accounted
for the origin of the time dependence coercive field change.
One evidence is that the phenomenon is observable in dark.
Other evidences including the observations in dark of
electro-optical effect caused by this phenomenon and
charged toner particles attachment to the newly domain in-
verted samples as were reported previously.7 These evi-
dences indicated the existence of a strong internal electric
field after domain inversion in the absence of illumination.
But the bulk photovoltaic effect may play a role in the light-
sensitive nature of the CT curve. A term of effective field
Eeff(I) which depends on the illumination intensity I to ac-
count for the photo emf from the bulk photovoltaic effect
could be added in Eq. ~1!. However, as suggested by Glass
et al.,10 the local asymmetry of the Nb–Fe12 distance in the
6c directions in heavily Fe-doped LiNbO3 is the origin of
the bulk photovoltaic effect in this material. Therefore, in our
experiment, the influence to the light-sensitive nature of the
CT curve from the bulk photovoltaic effect as compared to
the depolarization field might be small due to the high purity
of the SAW grade LiTaO3 crystals we used.
The large photoinduced increase in coercive field can be
utilized for domain pattern defining in the electric field pol-
ing process. We demonstrate this application in the following
experiment. We deposited a ;3000 Å tantalum layer as the
photo mask to cover half of the LiTaO3 surface, transparent
liquid electrodes were applied to both surfaces of the crystal
plate, as is shown in Fig. 4. Immediately after completion of
the previous poling over the whole sample in dark, illumi-
nating the top surface with multiline argon laser at a specific
power level, then applying the external field at a fast ramp
rate as being indicated in Fig. 1 by the dash line P1P2 , two
successive peaks of displacement current can be observed as
the external field was ramping up. The first peak which ap-
FIG. 3. Schematic of the internal field model.S. Chao and C.-C. Hung
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peared at lower external field strength, point P1 , correspond-
ing to domain inversion in the dark area which was covered
by the photo mask, the second peak which appeared at higher
external field strength, point P2 for 640 mW illumination as
an example, corresponding to domain inversion in the illu-
minated area. If the external field was turned off immediately
after the appearance of the first displacement current peak,
only the domain in the dark area would be inverted, the
inverted domain can be seen from the cross sectional view of
the HF acid etched crystal plate, as is shown in the optical
microscope picture on the left side of Fig. 4. This picture
clearly indicated that the differentially etched opposite do-
mains were sharply separated at the edge of the photo mask.
Without argon laser illumination, if the external field was
turned off at half of the total poling charge which was ob-
tained by integrating the displacement current over time,
then the inverted domains were found to be randomly dis-
tributed along the crystal plate as is shown in the right side
picture of Fig. 4. This result implies that Ta thin film elec-
trode and liquid electrode on top surface act as a continuous
and homogeneous electrode as far as domain formation is
concerned. The clearly defined domain edge shown in the
FIG. 4. Photodefined domain formation.Appl. Phys. Lett., Vol. 69, No. 25, 16 December 1996
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on the surface but due to the illumination effect. These ex-
periments demonstrate that the domain pattern can be de-
fined by the illumination pattern on the crystal surface
through utilizing the photosensitive nature of the CT curve.
Some applications of this demonstration are, first, in the
electric field poling process with periodic metal electrodes,
light can be used to inhibit the fringe field effect in the mi-
cron size region between the metal electrodes. The fringe
field usually over pole the periodic domain. Better defined
periodic domains are expected to be obtained by illuminating
the regions between the metal electrodes with light during
the electric field poling process, while the periodic metal
electrodes serve not only as an electrode but also as a photo
mask. Second, in the electric field poling process, without
using periodic metal electrodes, two-beams interference pat-
tern on the crystal surface can be utilized to define the peri-
odic domain pattern through a continuous transparent elec-
trode such as liquid electrode, the external field can be
applied directly to the transparent electrode, and the poling
process can be terminated immediately after the appearance
of the first displacement current peak. The periodicity of the
domain can be controlled by adjusting the angle between two
interfering beams.
In conclusion, the ferroelectric coercive field of
LiTaO3 crystal can be increased in large amount by multiline
argon laser illumination. We have demonstrated that the
ferroelectric domain pattern in the LiTaO3 crystal can be
defined by argon laser light distribution on the crystal sur-
face.
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